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Abstract: This paper for the first time discuss the wind pressure distribution on the building surface immersed in wind profile of 
low-level jet rather than a logarithmic boundary-layer profile. Two types of building models are considered, low-rise and high-rise 
building, relative to the low-level jet height. CFD simulation is carried out. The simulation results show that the wind pressure 
distribution immersed in a low-jet wine profile is very different from the typical uniform and boundary-layer flow. For the low-rise 
building, the stagnation point is located at the upper level of windward façade for the low-level jet wind case, and the separation zone 
above the roof top is not as obvious as the uniform case. For the high-rise building model, the height of stagnation point is almost as 
high as the low-level jet height. 
 
Key words: wind pressure, low-jet profile, building ventilation 
 
1 Introduction 
 
The knowledge of wind pressure on the building façade is 
vital for the wind loading engineering and infiltration and 
ventilation studies [1-2]. It is also one of the important 
input parameters for building energy simulation (BES) 
program and multi-zone airflow program [3].  
 
Values of the mean local wind pressure coefficient depend 
on many factors, including the size and shape of the 
building [2], approaching wind profile [4-5], the location 
and proximity of neighboring buildings [6], vegetation [7], 
and terrain features[8]. Different approaches such as wind 
tunnel, CFD, on-site field measurement are usually 
employed [9]. However, almost all the studies assume 
approaching wind flow to be of an atmospheric boundary 
layer (ABL) profile, represented by a power law or 
logarithmic law [10-13]. Therefore, the wind speed 
increases exponentially with the height. Nevertheless, we 
are asking the following question: 
-What are the characteristics of wind pressure (coefficient) 
and its resultant ventilation rate when the building is not 
exposed to a conventional ABL but a low-level jet profile? 
 
Slope wind characterized by a low-level jet is a local wind 
system frequently observed in mountainous areas under a 
calm and cloud-free synoptic weather condition[14]. The 
driving force is the natural convection induced by a 
temperature difference between mountain slope and 
ambient air temperature [15-16].Two types of slope 
wind can be distinguished due to its opposite thermal 
forcing. In the daytime, upslope (anabatic) wind is 
developed when the slope surface is heated up by the 
solar radiation, and the radiative cooling to the sky will 
lead to a downslope (katabatic) flow from the 
mountain slope at nighttime [17]. The slope wind 
exhibits a low-level jet profile, characterized by a 
maximum velocity close to the ground surface. 
Recently, many efforts have been made to investigate 
the ventilation of urban built-up environment by slope 
winds [18-20] ,however, no study has been found to 
link the slope flow with building-scale ventilation, to 
our best knowledge. The wind pressure characteristics 
on building façades and its resultant cross-ventilate 
rate induced by slope winds are lacking.   
 
2 Slope wind: low-jet profile  
 
Consider an infinite mountain slope inclines by an 
angle of  to the horizontal, which everywhere 
has a definite excess of temperature over the 
stratified mass of air. The Cartesian coordinate 
system is set as s in the direction of along the 
slope surface, and n normal to the slope. The 
Coriolis force is neglected. The one-dimensional 
governing equations of thermally-driven katabatic 
slope wind are given by considering the balance 
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between the buoyancy force and turbulent divergence, 
as follows  
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Where  is the potential temperature perturbation 
along the slope surface from the free atmosphere at the 
same height; N is the Brunt-Vaisala frequency; is 
momentum eddy diffusivity,  is thermal eddy 
diffusivity,  is lapse rate,  is thermal expansion 
coefficient. 
 
The general solution of Eq.(1) is obtained 
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Where   is a length scale;  is the 
temperature deficit at the slope surface. The height of 
the wind maxima occurs at the height of  
                  (3) 
   The example of velocity profile can be seen in Fig.1, red 
solid line. The maximum velocity for the slope wind is 
4.61 m/s at a height of around 56 m. The input parameters 
for calculation are listed in Table1. Another two types of 
approaching wind profiles: a uniform flow with a constant 
velocity of 4.61 m/s at all heights and a boundary layer 
flow characterized by Eq.(4) are also considered for 
comparison.  is reference height, which is defined at 
building height. Two building models (w w h) are 
adopted based on their relative heights to the slope wind jet 
height. w=20m is the building width, keeping the same for 
all three cases. h is building height. h=w is a low-rise 
building with a height much lower than slope wind height, 
and h=5w represents a high-rise building with a height 
much higher than slope wind height, respectively.  
                   (4) 
 
Fig.1 Different approaching wind profiles 
 
Table 1 Input parameters for slope wind 
Temperature difference between 
slope surface and ambient 
temperature,  (°C) 
-5 
Coefficient of thermal expansion, 
 (1/K) 
1/298 
Background lapse rate,  (K/m) 0.004 
Buoyancy frequency, N (1/s) 0.0115 
Thermal eddy diffusivity,  10 
Momentum eddy diffusivity,  10 
                                                                                                         
3 CFD simulation and validation 
 
3.1 CFD setup 
A 1:100 reduced computational model was made to 
compare against the wind  
tunnel measurement. The computational domain was 
set as L*D*H = 53h*25h*12.5h, which is much higher 
than the recommendation from the best practice 
guideline from Franke et al [21]and Tominaga et al[22-
23] except the upstream distance. In modeling the 
external airflow in the ABL, horizontal homogeneity is 
always required [10, 24-25]. We adopted an upstream 
distance of 3h rather than 5h to make little variation of 
velocity magnitude along the wind direction before it 
reaches the building block. This choice of upstream 
distance can be also found in [26-27]. A relatively low 
turbulent intensity of 10% was also implemented at the 
inlet boundary for all three approaching flow profiles 
to reduce the momentum transfer towards the ground 
and therefore improve the horizontal homogeneity of 
the approaching flow. This value corresponds to the 
typical turbulence intensity range in the nocturnal 
boundary layer.  The turbulent kinetic energy and 
dissipate rate are calculated as follows (Yang et al, 
2008) 
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As a matter of fact, the turbulence characteristics of the 
three approaching profiles are different, but this difference 
is beyond the scope of present study as our focus is the 
average wind profile. The mean velocity at the inlet 
boundary is calculated based Eq.(2) and Eq.(4). Zero static 
pressure boundary condition is imposed at the outlet plane 
and symmetry boundary conditions with zero normal 
velocity and gradients of all variables are applied at the top 
and lateral sides. RNG k-ε turbulence model is employed 
to take care of the turbulence modeling. 
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Fig.2 Comparison of CFD simulation and wind tunnel 
data for validation case 
 
3.2 Validation with wind tunnel experiment 
The validation case follows the wind tunnel 
experiment carried out by [28]. 
Two types of turbulence model, i.e., standard and RNG k-ε 
are compared. It shows that standard k-ε over estimates the 
wind pressure at the roof level, while RNG turbulent model 
gives a relatively reasonable estimation. Later on, two 
upstream domain lengths are also considered, 15H and 3H. 
The conclusion is that Xf =3H can better reproduce the Cp 
value compared with the longer upstream length as it 
reduces the stream-wise inhomogeneity along the domain, 
see Fig.2. 
 
4 Results and discussion 
 
4.1 Low-rise building 
Fig.3 shows the velocity vector on the middle plane across 
the building façade for two types of approaching profiles. 
The most significant difference between the two 
approaching wind profiles locates at the roof level. For the 
uniform incoming wind, an obvious separation zone is 
located just above the roof top, accompanied by a 
dramatic increase of wind speed at leading separation 
edge. While for low-level jet case, such separation 
zone is not well formed. This is partly due to a 
relatively low wind speed at the roof level of the 
building. At leeward side, the well-presented 
recirculation zone in the case of uniform approaching 
wind is not observed in the low-level jet case. For the 
wind pressure distribution on the windward façade, the 
location of stagnation point is much higher in low-
level jet wind case than in the uniform wind. It is well 
accepted that the stagnation point in a boundary layer 
flow is located at 2/3 of the windward face height. This 
height is still lower than our case in a low-level jet 
profile. This unique stagnation point location 
corresponds to the wind vector distribution in front of 
the windward façade, as shown in Fig.3 a) and b), 
where the location of flow divergence occurs much 
higher in the low-lower jet wind compared with 
uniform wind.  
 
 
a)  
 
b) 
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c) 
 
d) 
Fig.3 Velocity vector across the low-rise building 
middle plane, a) uniform profile, b) low-level jet 
profile; Wind pressure distribution at windward façade, 
c) uniform profile, d) low-level jet profile 
 
 
4.2 High-rise building 
For a high-rise building, the building height is comparable 
to the low-level jet height. The wind pressure at the 
windward façade for the low-level jet wind is different 
from the low-rise building. The stagnation point is not 
located at the upper level of the façade, but corresponding 
to the jet height, where the maximum velocity locates. For 
the uniform case, the surface wind pressure is quite 
uniform, as shown in Fig.4. c) and d). 
 
 
b)  
 
b) 
 
c) 
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d) 
Fig.4 Velocity vector across high-rise building middle 
plane, a) uniform profile, b) low-level jet profile; Wind 
pressure distribution at windward façade, c) uniform 
profile, d) low-level jet profile 
 
 
5 Conclusions 
The paper presents the comparative study of wind 
pressure distribution for a building model immersed in 
different approaching wind profiles, i.e., uniform wind 
and a typical low-level jet profile by CFD simulation. 
The simulation results show that the wind pressure 
distribution immersed in a low-jet wine profile is very 
different from the typical uniform and boundary-layer 
flow. For the low-rise building, the stagnation point is 
located at the upper level of windward façade for the 
low-level jet wind case, and the separation zone above 
the roof top is not as obvious as the uniform case. For the 
high-rise building model, the height of stagnation point is 
almost as high as the low-level jet height. 
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